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Motivation |
1 : : 5
| ® Event Shapes analyses in the world average for as(mz) do not include power {!
1 corrections with controlled approximations, nor are able to describe the {
thrust distribution 1n 1ts whole range {
® ['here 1s a huge amount of experimental data for thrust, not fully exploited i

§
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j §

T'hrust analysis |

f

® lactorization theorem for thrust |

e N°LL resummation |

® coherent description of the whole range of thrust distribution f

| ® l'icld theoretical treatment of power corrections ]
|
® Global tail fit for as(mz) and first power correction i
4 : é
| Comparison with Heavy Jet Mass 1
i 1
| ® Preliminary results on the analysis of the heavy jet mass distribution E
2 |
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:, S. Bethke, arXiv:0908.11 |
t La rld Avera | el 1
:t test World Ave 5 adopted by PDG for 2010
] Ol (mZ) — 0.1184 + 0.0007 errors inflated to account for !

variation 1n literature |

| | t-decays (N3LO) ro fit to Y-splittings, Wilson loops
Y | Queckonia quce 0 « 0s(mz) = 0.1183 £ 0.0008 |
| i . HPQCD 0807.1687
- |DIS F, N3LO) —o— !
' |DIS jets (NLO) —0—t

o v

. @ event shape results at O(a?) |
ete~ jets & shps (NNL <« i S 5
J p / (Doesn’t include N°LL

electroweak fits (N3LO)

+ — resummation nor rigorous  {
eTe” jets & shapes (NNLO) @
el T T T _— — treatment of power
| 011 012 0.3 correction)
i} i
i Qs (M Z) : ,
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Experiment Q) values (GeV)

|
i
3 |
ALEPH  191.9,133.0,161.0,172.0,183.0,189.0,200.0,206.0} |

DELPHI {45.0,66.0,76.0,91.2,133.0,161.0,172.0,183.0, !

189.0,192.0,196.0,200.0,202.0,205.0,207.0 f
LEP } |

OPAL {91.0,133.0,161.0,172.0,177.0,183.0,189.0,197.0} §

! {41.4,55.3,65.4,75.7,82.3,85.1,91.2,130.1,136.1,

& L3 161.3,172.3,182.8,188.6,194.4,200.0,206.2}
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Thrust 1

ALEPH, DELPHI, L3, OPAL, 1

do | GE O S @y i

O drt e | e
15+ 2 jets, soft radiation
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| Factorization Theorem for Thrust ¢ ¢ %}

AFHMS (arXiv:1006.3080) |!
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Factorization Theorem for Thrust ¢ ¢ —J€8§

AFHMS (arXiv:1006.3080) |
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E_fdk(dT A dr >(T_§>ST (k_QA)X[1+O(a8 Q )} |

log’ ’r} HH Match QCD to SCET
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. singular partonic cross for massless Run ;
quarks, QCD+QED final states LS v SR o

Agep 3

resummation for s . . i ; . §
singular partonic In e (elsdn 2 Anglan )% el dn® as o el i'
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Factorization 1 heorem for T hrust

AFHMS (arXiv:1006.3080) |!
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'E dT |fixed order dT ISCET expanded dr dr Q }'
) 1 5
| i zn: (2m)" (7) |
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log linear -10 ¢
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EVENT?2
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Factorization 1 heorem for T hrust
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; In the tail region, where fsoft ~ QT > Agcop

the soft function can be expanded as
/ A’ Spare(QT — K, 15) ST (k)

Spart(QT, 'LL) o éart(Q’ra :u) 251 i
Spart(QT i 251, ,u) S e

the distribution shifts!

/ Ak’ (5/) God i MS
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Renormalon subtraction

The partonic soft function Spart and the A7S definition of €1 have an O(Agep)
renormalon ambiguity

Perturbative instability and large order dependence

2l by
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Renormalon subtraction

; The partonic soft function Spart and the A7S definition of €1 have an O(Agep)
renormalon ambiguity

Perturbative instability and large order dependence

Solved introducing a gap parameter A: Sfmd (k) — S;nOd (k — 2A)

j
|

'E and writing NGt A(R7 ns) +0(R, 1s) Hoang,Stewart
|

4
/ / |
R d 5

: Renormalon Free &3 p) = 5 €' TR In Sr (2, )] s pevmy—1 |

; as(s) s ”
=" R| — 0.849 log 22 g el
i s { 15 R ]
1 ;
|
|
1 }




Renormalon subtraction

t  The partonic soft function Spart and the M S definition of €3 have an O(Agep) |
¥ . . ]
i renormalon ambiguity '
| RS 7 1
i Perturbative instability and large order dependence '
i Solved introducing a gap parameter A: S;nOd (k) — S;nOd (k — 2A) |
¥

i

and writing A —9Ner S(R Hoang,Stewart {

( ) ILLS) —l_ ( ) ILLS) fi

i

|

26 2 d N 15

/ = === / / |

}!
e
| 0(R, ns) 1nduces a subtraction series 1n the cross section and relates the MS £
+  and the renormalon free definition of €24 {
| :
} (R, us)= 01 — 6(R, pg) Renormalon Free %
i
In order to avoid large logs, we need R ~ s
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Factorization Theorem for Thrust €

| AFHMS (arXiv:1006.3080) {!

| do de. el S Adey e et G
E—fd’“(dT T )(“@)57 (s-28) x |1+O(a G

e 0O(a?) fixed order (non singular). Event?2 O(a?) and EERAD3 O(c)

® (O(o’)matrix elements. Axial singlet anomaly. Full hard function at 3 loops

® Resummation at N°LL . Effective field theory (SCET)

sebunitattahAnSatied:

L A e A A s A e A S i

E ® lield theory matrix elements for renormalon-free power corrections

® (orrect theory 1n peak, taill and multyjet regions (profile functions) |

"

® QFED effects in Sudakov and FSR at NNLL+O(e) with o ~ a; §

® Bottom mass corrections with factorization theorem

e Computation of bin cumulants in a meaningful way
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‘ Why a global fit? (Many Q values) 1

We fit for «,(mz) and {); simultaneously. f

At a single a variation in @s(Mz) can
| AT Q = 91.2 GeV gle €, :

o dr l always be compensated be a variation in :
2 0.006 [~ : .
| . ()1, the two parameters are strongly |
1 5 degenerate E
} 0.002 | |
! s, =562 [
E 0.000: fj.T::BZ':i;:;'WM T i
i ' ;
1§ .
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i :
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Why a ¢global fit? (Many Q values)

We fit for «,(mz) and {); simultaneously.

'rda

o d'T Q = 91.2 GeV
AN l Fitting multiple () , we can break the
degeneracy!

0.004 |
0.002 |

- .z
0.000 —AJ—T—D:n—-Lt_:,tMMI—L-A—I—A—J T

Power correction needed at 20%
accuracy to get ag(mygz) atthe 1%

0006 1 # level

d
T do AL Q = 206 GeV

0.003
0.002

0'01 1 0-001

0.000

0.00 F

-0.01 -0.001

-0.02 F -0.002

-0.003

-0.03

sl e 2R




{t Global tail fit for as(mz) 3‘.

a,(my) from global thrust fits £

0.115

0.135 + — perturbative error 2 '
| E from scale variation ]
: O(e?) :
; 0.130F ¢ 0.1300 = 0.0047 2 |
i - 2 - 5
& 5 o A 590 ST 3 1i
i 0.125F — 1|
I ; 1
§ O ) i {
f 0.120F L
| B g 2

0.110 ;i
i Pure Fixed Order i

Wt i A P e S e el A

1 |
} :
i ;
19 i
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‘ Global tail fit for a,(my)

; a,(my) from global thrust fits {
0.135 + — perturbative error & '
h from scale variation ]
O@?) ;
; 0.130 § 0.1300 + 0.0047 1
i 2 3 :
'§ X 550 R :
i LA RS e EH O |
f S : |

| 0.125 — '

ALEPH Q= mz thrust 1do 1
02
001274 :l: 0-0042pert T4t ] '

. . - Fixed Order ] ~ .
Dissertori et al. ‘07 of I f

0.120

| 0115 ALEPH all () and all event
I : shapes 0.1240 = 0.0029,¢,t
i1 i
§
1§
1 0.110 |
¥ ! !
| Pure Fixed Order
'} i
I ;
1 i
! 20 i
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Global tail fit for as(mz) |

a,(my) from global thrust fits £

0.135 + — perturbative error

from scan of theory
O(?) parameters

0.130 ¢ 0.1300 £ 0.0047

e L A e A A s A e A S i

0.125 1
|
| as(mz)
+N°LL f
i3 0.120 summation § |
' 0.1194 + 0.0028 |
2 : L
| a6l |
i : il ¢

et i A P g S e el A

0.110 ;
i |
i
2| !
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‘ Global tail fit for a,(my)

F a,(my) from global thrust fits | |
0.135 + — perturbative error = '
I from scan of theory
1 0(a?) parameters g
; 0.130 } 0.1300 + 0.0047 o
; )
| 0.125 -

E 1 do i
+N°LL R . '

summation ? Fixed Order
0.1194 + 0.0028 1.2

0.120

X 603 X 5
| @S]y = Yt o) 08 ¢ s
5% dof 486 0.6 F :
i ¥ 3 :
4 0.110

i

Fit to ALEPH and OPAL _
1 el s (R —— | .
i Becher Schwartz 08 ?
1%

[ A —— - et OV VP A Y e Y s S P TN TR TN
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| Global tail fit for as(mz)

F a,(my) from global thrust fits

0.135[ + — perturbative error

! E from scan of theory _

i ; O(@?) parameters q

) 0.130F ¢ 0.1300 + 0.0047 -

5 5
| 0.125F -

; f X (mZ) L 1 do

- +N°LL o dr

i 0.120F  summation | 45 Sum Logs, no power corrections
- 0.1194 + 0.0028 129 -
- 9 1 1‘0: | N3LL _
PREX 603 —
1 Pl e pacl s a g st —

| U e e " N
:

! 0.110 ozp G

,[ [Rere s el s o e 00 016 018 020 022 024 026 028 ¢
1 O el 0L 01257 o

'f Becher Schwartz *08

| e e - sty b Y S TPPND WS




Global tail fit for as(mz) |

a,(my) from global thrust fits £

0.135 + — perturbative error - '
| ; from scan of theory _
i B 0(a?) parameters i
; 0.130F ¢ 0.1300 = 0.0047 2 |
i - - ¥
' 2 : 4 -
'[ - + multijet boundary - 1'
01250 | 1265 = 0003 : |
i 3 A P 199 1
P Qs Wi dof 486 i
- +N°LL - : £
H 0-120_— summation  § g ;
i - 0.1194 + 0.0028 E f
f ; - i
0.115F =
| E § {
3 - -
| B ;
1 0.110 |
i !
i
o |
I @
1 |
24 |
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1

:i Global tail fit for as(myz) "

e ¢ g .
1 a,(my) from global thrust fits {
0.135 : + — perturbative error = '
I B from scan of theory
1 B 0(a?) parameters g
) 0.130F  { 0.1300 = 0.0047 e
1 i To have agreementin -
' | - | + multijet boundary mlﬂtijﬁt region, g I
| 0125 ! 0.1245 + 0.0034 resummation must be

| - b | 9o switched off there :
- (g (mZ) ; dof 486 ‘ ] i

L : 1
+N°LL l e thCOI'y

WH —_—— NJLL' results R :

o ar R ,pr?«dlctmy' !

MR T T
W\ —— full (o.=1135, @ =324 GeV) ]

0.12: A +theory scan error _ \
. \\ » — = no 2y (o.=.1135) { :
' t 0.10\ . \ — full, BS profile (. =.1001, 7
! 3 [ \ Q =.371 GeV) ] l
'3 0.08 - \ \ = = = no €1, BS profile (¢.=.1172) 4 :
i} o\ : :
! 0.06F  \ §
. T . : \ i
'} : w.0. multijet 0.04} \ f
it . [ ; ] é
i boundaries 0.02} ~ 5 i
i$ I ® ALEPH : :
' i L 0005 o . — L 3  — ~—T
i3 0.3 0.4 0.5 0.32 0.34 0.36 0.38 0.40 0.42
i | " 25 T
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Global tail fit for as(mz) and 4 1

a,(my) from global thrust fits £

0.135

+ — perturbative error
from scan of theory
O(a?) parameters

0.130 ¢ 0.1300 £ 0.0047

"+ multijet boundary Power Cor.rections glve a
0.1245 + 0.0034 —7.570 shift

0.125

+NLL

summation { + Power Corrections

0.1194 + 0.0028 (U=l 52000024

0.120

"

2
0.115 sl e

dof ~ 485

0.110 |
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i Global tail fit for as(mz) and
|
3 ; :
a,(my) from global thrust fits {
0.135|- + — perturbative error — '
} B from scan of theory
i : 0(a?) parameters §
; 0.130F 1 0.1300 + 0.0047 2
| ! "+ multijet boundary Power corrections give a 1
1 5 —7.57 shif 3 |
| 0.1255 | 01245+ 00034 70 shift 5 |
1§ 5 :
1 as(m : |
fes mz) | ANLL ! 1 dg ;
| 0.120  summation | + Power Corrections ? AT , b
l : 0.1194 + 0.0028 0.1152 + 0.0021 A Sum Logs, no power corrections _ { .
2 & e N3LL | “
! = i e \S ] ;
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| Global tail fit for as(mz) and
i
'y 3 :
a,(my) from global thrust fits {
0.135 + — perturbative error 5 '
1 : from scan of theory
} 2 O(a;) parameters i
; 0.130F ¢4 0.1300 % 0.0047 2l
'E ; "+ multijet boundary Powe(; corrections give a  _ 1
1 i i ‘ 3 :
| 0.125F | 0124500034 7.570 shift 53 |
1§ E 4
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| 0.120_— summation |} + Power Corrections UdT |
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i Global tail fit for as(mz) and 4
|
'} : s
a,(my) from global thrust fits 1
0.135F + — perturbative error — '
L : from scan of theory _
, g 0(a?) parameters g
; 0.130 ¢ 0.1300 + 0.0047 2
| ; + multijet boundary Removal of renormalon 1'
:[ - . . ° il ;
| 0.1250 0.1245 + 0.0034 ambiguities 4] |
| :
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; TdT lrverCorrections — 1|
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Global tail fit for as(mz) and Q4 :

| a,(my) from global thrust fits £

0.135} + — perturbative error — '
| : from scan of theory
| E O(a?) parameters g
; 0.130F ¢ 0.1300 = 0.0047 2
1§ E B :
i} B + multijet boundary Removal of renormalon f!
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Global tail fit for as(mz) and 4 1

a,(my) from global thrust fits £

0.135

+ — perturbative error
from scan of theory
O(?) parameters

0.130 ¢ 0.1300 £ 0.0047

s multijet boundary
0.1245 + 0.0034
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g (mZ)
0.120

+N°LL ! _ X2 440
summation |} + Power Corrections e : |
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| Include b-mass effects in Factorization Thm: (~ 2%effect) |

Ada.b da.NNLL da.NNLL

massive massless |

| dr dr dT

e at this order it effects only the jet function and 7 limits

|
|
} ® use SCET massive fact. thm Fleming, Hoang,Mantry,Stewart
i
[ ® charm quarks are much smaller effect [

Include QED eftects in Factorization 'I'hm: (~ 2% effect)

A g
® count « ~ O ,include only final state radiation
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{ ® include O(a? a) corrections to QCD [ -function
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® include one-loop QED corrections to Hqg, J-, S; %
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a,(my) from global thrust fits I
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Convergence of results
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Comparison with Heavy Jet Mass AHMS&Schwartz |

5 work 1n progress !
| |
§ | E
WSt hemisphere invariant - '
masses M; = (ZPZ) |
| act 1
| M M3\ |
1 . — i |
| Q@
Only ALEPH data N°LL + O (Ozg) “
i
i1 i
t Oé; (mz) = 0.1175 4 0.0026 Becher&Schwartz °08
|[ Oég (mz) = [ B e e 6 0 6 B9 Chien&Schwartz 10 i'
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i Comparison with Heavy Jet Mass AHMs&Schwarez §
1 work in progress !
| |
| a,(my) from global thrust fits | |
0.135[ + — perturbative error '
} : from scan of theory -
i : 0(a?) parameters g
; 0.130F ¢ 0.1300 +0.0047 ~
i B 3 $i
| - ; 2l '
| : + multijet boundary : |
: 01255 | 0.1245+0.0034 5 |
I 3 1
5 Os\Mz) T 1 . : {
f ( ) B S e b ] Fit only to ALEPH data ' B
i’ 0.120F  summation | | | .
| 5 1 ;
B e Thrust 0.1169 0.1223 |
f E Heavy Jet Mass 0.1177  0.1221
| i t
| 0.110 e |
I
|
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g£ Comparison with Heavy Jet Mass AHMS&Schwartz §
[ work 1n progress !
| There are two ways to calculate the theoretical value for a bin

! Difference of Cumulants | /Int‘eg‘ral of Differential Distribution
(7, pi(12)) — X(71, pi(71)) " do

| 5o dt E(taﬂi(t))

| S = | a2 mn) n

| 0 t

F Classical Resummation analyses AFHMS, AHMS&Schwartz

it Becher&Schwartz, Chien&Schwartz
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Comparison with Heavy Jet Mass AHMS&Schwartz |

work 1n progress !

There are two ways to calculate the theoretical value for a bin

F :
! Difference of Cumulants | - Integral of Differential Distribution ,
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Comparison with Heavy Jet Mass AHMS&Schwartz |

work 1n progress

There are two ways to calculate the theoretical value for a bin

——

| /Int‘eg‘ral of Differential Distribution

Q=91.2 GeV

No Power Corrections

,,’,

B Cumulant

S~

Tntegrate

' resummation | multijet boundary

0.1217 0.1212

¥

RREe——— |
af(myz) = 0.1220 + 0.0031
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| Comparison with Heavy Jet Mass AHMS&Schwartz
| work in progress  §!
| There are two ways to calculate the theoretical value for a bin '
| , Ditference of Cumulants | - Integral of Differential Distribution B |
[ Q=91.2 GeV No Power Corrections y 3 EE 1 e |
i ' resummation | multijet boundary | NLL + O(aj) 1'
| - Cumwulant | 01217 | 0.1212 s |
I  Integrate o177 ] 0.1221 |
T am—— e
: o’ (myz) = 0.1220 + 0.0031 Chien&Schwartz *10
| |
f ® With power correction and gap, using Q; = 0.332 £ 0.045 GeV we obtain
| a?(mz) =0.1133 o’ (mz) = 0.1140 £ 0.0011 35
' ; ( no QED, no b-mass) i,




g (mZ)

Conclusions

e T'he Soft-Collinear Effective Theory provides a powertul formalism f
for derving factorization theorems and analyzing processes with Jets

® SCET has finally provided theorists with a means to catch up with the
experimental precision of LEP. The result of our global thrust fit in
the tail region 1s

= 0.1135 +0.0002cy, +£0.00053q £0.0009pert

® Rigorous field theoretical treatment of nonperturbative eftfects §
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-0.009exp

-0.013¢, -

® Thrust and Heavy Jet Mass agree at perturbative level if bins are computed |
using the integral of the differential distribution instead ot difference of
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| |
| Uncertainty budget from scan i
4 Uncertainty from higher moments |
! \ @ w0 | |
: E \ i:z 1.0 |
1 0.5 i
1 |
i : 0.0} ; :
| Statistical error from nonsingular
extraction i
{ O(a?) unknown. Estimated with Pade §;
| 1 1 1 | O(a?) extracted numerically from |
. 00004 00002 00002 ooooa | EVENT2 with an accuracy of 6.47% ;
i |
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